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a b s t r a c t

Introduction: Liver cirrhosis is the ultimate condition of chronic liver diseases. Non-alcoholic steatohe-
patitis and fatty liver diseases are emerging in association with metabolic syndrome largely due to excess
nutrition. Stromal cells of adipose tissue are enriched mesenchymal stem cells which are pluripotent and
immunomodulatory, which are expected to be applied for repairing/regenerative therapy of the impaired
organs.
Methods: We conducted the multi-institutional clinical trial (Japanese UMIN Clinical Trial Registry:
UMIN000022601) of cell therapy using freshly isolated autologous adipose tissue-derived regenerative
(stem) cells (ADRCs), which are obtained by the investigational trial device, adipose tissue dissociation
device, for liver cirrhosis patients due to non-alcoholic steatohepatitis or fatty liver disease, to explor-
atory assess efficacy as well as safety of this trial. We completed treatment and 24 weeks follow-up for 7
patients.
Results: We observed that 6 out of 7 patients' serum albumin concentration was improved. As for pro-
thrombin activity, 5 out of 7 patients showed improvement. No trial-related adverse events, which were
serious or non-serious, was observed. Besides, no malfunction of the investigational trial device was
encountered.
Conclusion: Thus, treatment with autologous ADRCs obtained with the investigational trial device in
steatohepatitis-related cirrhosis was confirmed to be safely conductible and potentially promising for the
retaining or improving the impaired hepatic reserve.
© 2021, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Cs, adipose tissue derived regenerative (stem) cells; PMDA, Japan Pharmaceuticals and Medical Devices Agency; NASH,
tty liver disease.
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1. Introduction

Mesenchymal stem cells (MSCs) are somatic stem cells that are
obtainable from miscellaneous organs, such as the umbilical cord,
bone marrow, and adipose tissue [1]. Features of MSCs are plurip-
otency as well as immuno-modulatory capability [2,3], as such, they
are recognized to be applicable for repairing/regenerating impaired
organs. Especially, adipose tissue is an attractive and easy to obtain
source of autologous stromal cells enriched with MSC [4]. Liver
cirrhosis is the ultimate condition of chronic liver diseases;
decompensated cirrhosis condition frequently leads to serious
complications such as hepatic failure, rupture of gastroesophageal
varices, obvious hepatic encephalopathy, ascites, jaundice, etc.
which worsen the prognosis of cirrhotic patients [5]. Causes of
chronic liver disease are chronic viral hepatitis, primary biliary
cholangitis, alcoholic hepatitis, and non-alcoholic steatohepatitis,
etc. [6]. Among these chronic liver diseases, non-alcoholic steato-
hepatitis, which is associated with metabolic syndrome due to
excess of nutrition, is especially an emerging chronic liver disease
in the developed countries [7], as treatments for chronic hepatitis B
and C have been dramatically advanced [8,9]. Considering this
background, treatments for non-alcoholic steatohepatitis and fatty
liver diseases, especially in advanced condition, cirrhosis, should be
developed.

We previously conducted the clinical study of the treatment by
administration of autologous adipose tissue-derived stromal cells
via hepatic artery for the liver cirrhosis patients and confirmed the
safety of this treatment [10]. In the current study, we designed the
investigator-initiated clinical trial protocol for treatment of liver
cirrhosis due to non-alcoholic steatohepatitis or fatty liver disease
by intrahepatic arterial infusion of autologous adipose tissue
derived regenerative (stem) cells (ADRCs) for exploring safety and
efficacy of this treatment [11]. We found that this treatment was
safely conductible and potentially efficacious for retaining or
improving liver function in steatohepatitis-related liver cirrhosis.

2. Methods

2.1. Objectives of the clinical trial

The clinical trial is aimed for exploratory assessment of safety
and efficacy of treatment for liver cirrhosis using autologous adi-
pose tissue-derived regenerative (stem) cells (ADRCs) which are
obtained by adipose tissue dissociation device (Cytori Therapeutics
Inc., San Diego, CA). By consultationwith the Japan Pharmaceuticals
and Medical Devices Agency (PMDA), the protocol for this trial was
created, determining that the adipose tissue dissociation device
was the investigational trial device. The completed clinical trial
protocol was submitted to PMDA, as well as approved by the
institutional review boards of Kanazawa University Hospital and
Osaka Medical College Hospital. The clinical trial has been regis-
tered in the Japanese UMIN Clinical Trial Registry
(UMIN000022601). All treatments procedures were conducted in
accordance with the Declaration of Helsinki as well as International
Conference on Harmonization Good Clinical Practice guidelines,
and the written informed consent from each patient was obtained.

As for inclusion criteria, the objectives were liver cirrhosis pa-
tients, diagnosed by image or histology. Etiologies of liver cirrhosis
were non-alcoholic steatohepatitis (NASH) or fatty liver disease.
NASH and fatty liver disease criteria were defined by the follow-
ings: no other obvious liver injury etiologies, and association of
conditions or complications which could cause fatty liver, i.e.
obesity (especially visceral fat), metabolic syndrome, and diabetes
mellitus. The different criteria for NASH and fatty liver disease was
alcohol intake alone; less than equal 20 g/day of alcohol intake for
98
NASH, and less than equal 70 g/day, and more than 20 g/day for
fatty liver disease. Other inclusion criteria were as followings: age;
more than equal 20 years and less than 80 years old, total bilirubin
concentration; less than equal 3.0 mg/dL, platelet count; more than
equal 5.0 � 104/mL, prothrombin activity; more than equal 70%,
serum creatinine level; less than equal 1.5 mg/dL, serum albumin;
less than equal 4.0 g/dL, at screening, and patients are able to
provide written informed consent themselves. In addition to
satisfying the inclusion criteria, the exclusion criteria were applied
(Fig. 1). The target number of patients was 8 in this clinical trial.

2.2. Treatment of the cirrhotic patients with autologous ADRCs,
follow-up, and assessment

The subcutaneous adipose tissue was obtained from the buttock
or abdomen by the tumescent liposuction method, which is the
standard technique for cosmetic treatment. ADRCs contained in the
obtained adipose tissue were isolated by the investigational trial
device (identification code: Celution 800/IV, Cytori Therapeutics
Inc. San Diego, CA). The freshly isolated cells were confirmed for
viability which should be more than equal 70%. The 3.3 � 105/BW
kg was administered via the hepatic artery using microcatheter IV
(Asahi Intecc Co Ltd, Seto, Aichi, Japan). The follow-up period was
24 weeks after treatment. Endpoints for efficacy were serum al-
bumin concentration and prothrombin activity. Endpoints for
safety were adverse reactions and device malfunction. For other
endpoints, the patients underwent liver biopsies prior to treatment
and 24 weeks after treatment for histological assessment by
nonalcoholic fatty liver disease (NAFLD) activity score and fibrosis
[12].

2.3. Analysis of surface antigens expression

The residual obtained ADRCs after treatment usage were
analyzed for surface antigens expression. They were analyzed by
flow cytometry using BD Stemflow™ (Human MSC Analysis Kit;
Becton, Dickinson and Company, Franklin Lakes, NJ), as well as with
PE-labeled anti-CD31, PE-labeled anti-CD44 (Becton, Dickinson and
Company), and PerCP™5.5-labeled anti-CD105 (Becton, Dickinson
and Company) antibodies.

2.4. Statistical analysis of efficacy endpoints

Elevation of serum albumin concentration on 3 months after
treatment compared to that of pre-treatment was defined as
improvement. Improvement rate of cases was calculated for full
analysis set, and test based on normal distribution approximation
was performed with threshold of 3% and one-sided significance
level of 5%. Confidential interval (C.I.) was calculated using Clopper-
Pearson method. Prothrombin activity was also assessed in the
same way.

3. Results

3.1. Endpoints assessment and ADRCs' surface antigens expression

We have completed the treatment of intrahepatic arterial infu-
sion of autologous ADRCs and 24 weeks follow-up for 7 cirrhotic
patients (Fig. 1) (3 male patients, and 4 female patients, age:
66.4 ± 5.6 years old, body weight: 80.17 ± 17.31 kg, Body Mass
Index: 29.84 ± 5.23). Child-Pugh score [13] for assessing the
severity of the 7 cirrhotic patients showed that 6 patients were in
grade A and one patient was grade B (Supplemental Table 1). The 6
patients had non-alcoholic steatohepatitis, and 1 patient had fatty
liver disease. These 7 patients were full analysis set as well per



Fig. 1. Outline of patient's enrollment. Eight cases were registered and 7 cases completed treatment and 24 weeks' follow-up without deviation from the clinical trial protocol.
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protocol set. The obtained adipose tissue volume was 258.6 mL in
average (minimum: 165 mL, maximum: 340 mL), which provided a
sufficient number of ADRCs for the administration, which was
defined as 3.3� 105 cells/BW kg. Viability of the obtained ADRCs by
the adipose tissue dissociation device were over 91.8% (minimum:
87.6%, maximum: 94.5%) in all enrolled patients. Flow cytometry
analysis of the obtained ADRCs for surface antigens expression
showed that CD44 mesenchymal markers was highly expressed in
67.0% of ADRCs, while CD90 and CD105 expression were seen in
2.6% and 6.6% in average (Table 1).

For all patients, we administered 3.3 � 105 cells/BW kg via the
hepatic artery using a microcatheter. As for safety assessment, no
adverse events related to this clinical trial were observed. In
addition, no malfunction of the investigational trial device was
encountered.

We assessed howmany patients among full analysis set showed
improvement of serum albumin concentration and prothrombin,
which are both of the efficacy endpoints, on 3 months after treat-
ment, compared to that of pre-treatment. We observed that 6 out of
7 patients' serum albumin concentration was improved (Fig. 2A,
Supplemental Table 2); average improvement ratio of the treated
patients was 85.7% (C.I. 47.9e99.3%). As for prothrombin activity, 5
out of 7 patients improved (improvement ratio 71.4%, C.I.
34.1e94.7%) (Fig. 2B, Supplemental Table 3). In terms of the severity
grade of liver cirrhosis by Child-Pugh score classification, 24 weeks
after treatment, all patients were in grade A (Supplemental
Table 4).
3.2. Assessment of the biopsied livers' histology and images of the
abdominal CT or MRI

We also assessed the biopsied liver tissues which were obtained
prior to and 24 weeks after treatment and assessed each parame-
ters of NAFLD activity scoring system (Table 2). One patient reduced
one point of hepatocyte steatosis, and one point of lobular
Table 1
Surface antigens expression of ADRCs.

Registered number CD34 (%) CD44 (%) CD45 (%) CD90 (%) CD105 (%)

SH-1 0.76 93.59 0.73 5.85 0
SH-2 6.46 81.8 9.32 9.91 2.9
SH-3 9.45 35.99 1.42 6.34 0.55
SH-4 2.49 75.7 2.86 3.38 8.32
SH-5 2.34 73.29 0.95 1.6 2.12
SH-7 22 42.73 2.11 13.33 0.19
SH-8 4.33 65.8 4.11 5.59 3.96
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inflammation score was reduced in one patient. Three patients'
scores of hepatocyte ballooning reduced, while one patient's score
increased. Fibrosis grade remained 4, cirrhotic conditions, 24weeks
after treatment (data not shown).

As for the images of the abdominal CT or MRI before and 24
weeks after treatment, no apparent alteration of morphological
improvement or deterioration was observed in each patient.

4. Discussion

We have conducted the multi-institutional clinical trial of
autologous ADRCs treatment for liver cirrhosis patients due to non-
alcoholic steatohepatitis or fatty liver disease. The investigational
trial device in this trial was the adipose tissue dissociation device.
No serious event which were not deniable for relation to this trial
and no malfunction were observed. For assessment of serum al-
bumin concentration, we observed that significant improvement of
serum albumin concentration on week 12 after treatment
compared to that of pre-treatment. Similarly, prothrombin activity
was improved.We confirmed the safety and possible efficacy of this
treatment.

Adipose tissue is attractive as a rich source of mesenchymal
stem cells. Mesenchymal stem cells are pluripotent to differentiate
into miscellaneous-lineage cells and are immunomodulatory to
repair/restore the impaired organs [3,14,15]. Freshly isolated ADRCs
from adipose tissues are heterogeneous population including not
only MSCs, but also other type of cells [16,17]. Despite that, the
advantage of unprocessed and not-manufactured cells enriched
with MSCs from autologous tissues attracts much attention for
practical clinical application of them for repairing/regenerative
therapy [18,19], but details of MSCs are yet to be disclosed. Besides,
other types of cells' effect are yet to be disclosed in the context of
cells therapy, indeed, in mice, some cell fraction of adipose tissue-
derived stromal cells are immune-suppressive M2-like macro-
phages, which are favorable for the treatment of inflammation-
related impaired organs [16]. Details mechanisms of cells therapy,
especially ADRCs, are principally more complex than the pharma-
ceutics, as they are considered to have pleiotropic effects with
various biological effects. Thus, the future investigation of stromal
cells of adipose tissue in details will shed light on repairing/
restorative cells therapy.

The objective patients of the current clinical trial had liver
cirrhosis due to NASH of fatty liver diseases. Although NASH pa-
thology has been investigated and characterized by hepatocyte
ballooning, appearance of hepatocyte steatosis, ballooning, lobular
inflammatory cells, as well as pericellular fibrosis [12,20], NASH
pathophysiological mechanisms, and how it ultimately develops



Fig. 2. Efficacy endpoints assessment during the trial observation period. Serum albumin concentration (A) and prothrombin activity (B) of each enrolled patient.

Table 2
NAFLD activity scoring of the patients prior to and 24 weeks after treatment.

Registration number Hepatocyte steatosis Lobular inflammation Hepatocyte ballooning

Prior to treatment 24 week Prior to treatment 24 week Prior to treatment 24 week

SH-1 2 2 2 2 2 2
SH-2 1 1 1 1 0 1
SH-3 1 1 2 1 1 0
SH-4 1 1 1 0 1 1
SH-5 1 1 2 2 2 1
SH-7 0 0 1 1 0 0
SH-8 3 2 1 1 2 1
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cirrhosis are yet to be disclosed. Multiple hits theory for patho-
logical development is proposed [21], reflecting its extreme
complexity of pathology. Therefore, pharmaceutical development
strategy has been not succeeded and established so far. Despite that
this clinical trial was principally exploratory for safety and efficacy,
administration of ADRCs into cirrhosis patients of NASH or fatty
liver disease, serum albumin concentration and prothrombin ac-
tivity were efficacy safety endpoints. The ratio of patients whose
serum albumin concentration and prothrombin activity showed
improvement after treatment was statistically significant. Despite
of that, we observed that two patients showed decline of serum
albumin on the 24 week compared to the 12 week. We could not
find the specific reason for the decline in these two patients. We
have confirmed that serum transferase activity, AST and ALT, were
not exacerbated (data not shown). Furthermore, prothrombin ac-
tivity was maintained, implying hepatic reserve was maintained.
Although the liver fibrosis improvement was not the efficacy
endpoint of this trial, it was not clearly shown to be improved,
presumably in part due to short period of observation [22]. Treat-
ment with autologous ADRCs obtainedwith the investigational trial
device in steatohepatitis-related cirrhosis is potentially promising
to maintain or improve the impaired hepatic reserve. Further
studies and trials will show the possible autologous ADRCs thera-
peutic efficacy for NASH or fatty liver-related liver cirrhosis in
future.

Discovery of somatic stem cells [4] and development of totipo-
tent stem cells technology [23e26] have been very attractive for the
regenerative therapy. However, when considering the treatment of
impaired organ, which is associated with persisting inflammation
leading to destruction of tissue structure and malfunction, the
simple potential of stem cells, capable to differentiate into
miscellaneous cell types, may be insufficient for the repair and
regeneration. In this sense, mesenchymal somatic stem cells are
attractive since they are of beneficial inflammation modulatory
effects [3,14]. Furthermore, autologous ADRCs which do not require
100
manufacturing and processing cells are ideal for practical applica-
tion in clinic.

Despite of that, for embodying the practical application of
repairing/regenerative therapy using somatic stem cells, we should
explore the clinical trial as well as non-clinical studies for disclosing
the characteristics of mesenchymal stem cells as well as ADRCs.
Further studies would pave the way of the potent capability of
stromal cells of adipose tissues for repairing/regenerative therapy.
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